Chorea-like dyskinesia, frequently occurring due to long-term levodopa medication for Parkinson's disease, causes serious problems in the precision and safety of oral surgery.
The patient occasionally used to call for the nurse because of sudden and unpredictable immobility due to on-off fluctuations. The development of dyskinesia in the patient was unpredictable. He was administered a combination tablet of 25 mg carbidopa and 100 mg levodopa (Madopar TM , Chugai Pharmaceutical Ltd., Tokyo, Japan) every 4 h. It seemed ideal to perform dental surgery during the on-stage, with intravenous sedation for relieving psychological stress and preventing dyskinesia.
When the patient entered an outpatient room of our department in a wheelchair, he was in the on-stage, and dyskinesia was not observed. Aimed sedation level was set at conscious sedation for preventing aspiration, because the patient was of advanced age, exhibiting hoarseness of voice and drooling, and the treatment with irrigation was scheduled. Subsequently, midazolam (Midazolam TM injection, Sandoz K.K. Ltd., Kaminoyama, Japan) 1.5 mg was administered as an intravenous bolus, and a Ramsay's sedation score of 3 (Table 1 ) 1 was achieved. Infiltration anaesthesia was performed using 1.8 ml lidocaine (Xylocaine TM cartridge for dental use, Dentsply Sirona Ltd., Tokyo, Japan), and extraction of teeth was started. When infiltration anaesthesia was performed without pain 25 min after the first midazolam administration for restoration of tooth, chorea-like dyskinesia of the four extremities, head, and tongue was observed.
Additional midazolam (1 mg bolus) treatment caused the dyskinesia to disappear within Ramsay's sedation score of 3, that is, under conscious sedation. The scheduled treatment was successfully completed. Considerable chorea-like dyskinesia of the four extremities, in the supine position, was observed when we visited the patient 1 h after the treatment.
Discussion
The substantia nigra and the striatum, which are deeply involved in Parkinson's disease, are components of the basal ganglia, 2,3 and one of its main functions is an inhibitory regulation of motor function. [4] [5] [6] The excessive inhibitory effect of basal ganglia, due to the lack of dopamine in the nigrostriatal projections in Parkinson's disease, leads to decreased quantity of motion and increased muscle tone ( Fig. 1 ). [5] [6] [7] Dysphagia, drooling, hoarseness of voice, 8 and possibility of falling due to the symptoms described above, are pre-evaluation checkpoints of the patients with Parkinson's disease, before the dental surgery.
The mechanisms of development of levodopa-induced chorea-like dyskinesia are reported to involve nigrostriatal dopaminergic denervation-induced postsynaptic supersensitivity due to long-term use of levodopa, 2 resulting in the increase in quantity of motion and decrease in muscle tone (Fig. 2) . [5] [6] [7] It is highly possible that levodopa-induced dyskinesia would disappear when the patient is asleep because basal ganglia would not function in the absence of the initial command from the cerebral cortex. However, the chorea-like dyskinesia in the present case disappeared upon conscious sedation due to an additional dose of midazolam. There is a previous study on propofol-induced dyskinesia during intravenous sedation in a patient with Parkinson's disease. 9 Another study reported that propofol worsened involuntary movement; thereafter, propofol was replaced by midazolam for patients of Parkinson's disease patient exhibiting poor control. 10 Therefore, midazolam, but not propofol, seems suitable for conscious sedation of such patients.
The inhibitory regulation of the thalamus and brainstem by the basal ganglia is reported to involve gamma-aminobutyric acid (GABA). [4] [5] [6] [7] The possible mechanism underlying the disappearance of dyskinesia, caused by midazolam, in the present case seems to involve the stimulation of the GABA receptors in these systems by midazolam, which rectifies the increased quantity of motion and decreased muscle tone.
Conclusion
Intravenous conscious sedation with midazolam was useful for the disappearance of levodopa-induced chorea-like dyskinesia during oral surgery in a patient with Parkinson's disease exhibiting poor control.
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